The bovine leukemia virus (BLV) is an oncogenic retrovirus that is associated with the development of persistent lymphocytosis (PL) and lymphoma in cattle. While B lymphocytes have been shown to be the primary cellular target of BLV, recent studies suggest that some T lymphocytes and monocytes may be infected by the virus. Because virally altered functions of monocytes and/or T cells could contribute to the development of lymphoproliferative disease, we sought to clarify the distribution of the BLV provirus in subpopulations of peripheral blood mononuclear cells in seropositive cows with and without PL. CD2
The bovine leukemia virus (BLV) is a retrovirus that is closely related to the human T-cell leukemia viruses (HTLV-1 and HTLV-2) and the simian T-cell leukemia virus (13) . These viruses are exogenous, have similar genomic organizations (42, 45) , lack transforming oncogenes (8, 24, 46) , integrate into dispersed sites within the host genome (23, 44, 55) , and are restricted in their expression in vivo (reviewed in references 3 and 4). In addition to gag, pol, and env genes, viruses of the HTLV-BLV group possess a region 3Ј to the env gene (42, 45) that encodes at least three other proteins that regulate the viral life cycle and are thought to contribute to pathogenesis in the host (22, 47) .
The primary cellular target of BLV is the B lymphocyte (20, 39) . Following the establishment of BLV infection, the host mounts a persistent antibody response to viral proteins, and virions can be isolated from cultured leukocytes of infected animals (11, 35) . Although BLV infection remains subclinical in the majority of cattle, about one-third of BLV-infected cattle develop persistent lymphocytosis (PL) (11, 12) , a polyclonal expansion of B lymphocytes (23) . A smaller number of BLVinfected cattle (1 to 5%) develop oligo-or monoclonal lymphosarcoma with or without prior PL (11, 12, 21) . The onset of PL usually occurs before the age of 5 years, whereas the peak incidence of lymphoma is between 5 and 8 years of age (11) . The BLV provirus has been found in both CD5
ϩ and CD5 Ϫ B-cell subsets of BLV-infected cows, and infection of CD5 ϩ cells was found to predominate in one cow with PL (43) . The susceptibility of cells other than B lymphocytes to BLV infection in vivo is less clear because of the relative magnitude of B-cell infection and problems in obtaining highly purified cell populations. Monocytes were first implicated as potential carriers of BLV in sheep on the basis of cell morphology and in situ hybridization (26) . Heeney et al. presented evidence that BLV was present in 5 to 40% of adherence-purified monocytes but not in T cells or granulocytes from peripheral blood of BLV-infected cows with or without PL (17) . Evidence that T cells are targets for BLV infection has been obtained by others through immunoaffinity depletion of B-cells and monocytes from peripheral blood (54) , expansion of T cells in culture with interleukin 2 (50) , or positive selection of T cells with immunomagnetic beads (43) .
In the present study, we sought to clarify the cellular distribution of BLV and to determine the prevalence of the provirus in peripheral blood leukocyte subpopulations of naturally infected cows with and without PL. For this purpose we isolated CD5 ϩ and CD5 Ϫ B cells, monocytes, and T cells from peripheral blood by flow cytometry and tested them by PCR for the presence of the BLV provirus with a recently developed singlecell methodology (37) . The results of these experiments indicate that the provirus may be limited to B cells in peripheral blood of infected cows with and without PL and that PL represents expansion of the infected CD5 ϩ and CD5 Ϫ B-cell subsets.
MATERIALS AND METHODS

Animals.
A total of 19 BLV-infected Holstein-Friesian cows, 14 without PL and 5 with PL, were selected for study. The cows were maintained within the University of Illinois dairy research herd, and all were naturally infected with BLV. Since 1985, the animals in this herd have been tested annually for BLV infection by an agar gel immunodiffusion test with a commercially prepared antigen (Leukassay B; Pitman Moore, Atlanta, Ga.) according to the manufacturer's specifications. The seroprevalence of BLV in the herd is 85% for cows over 3 years of age, and the prevalence of PL is about 20% (29) . Total leukocyte and differential counts were determined by standard hematological techniques.
Cows were classified as lymphocytotic by a standard leukosis key for cattle (31) ; animals diagnosed with PL were lymphocytotic in two consecutive tests at least 3 months apart. The cows used in this study ranged in age from 41 to 100 months and had seroconverted to BLV 6 to 68 months prior to testing. Cows with PL were, on average, 15 months older and had seroconverted 22 months earlier than cows without PL.
Cell separation. Blood was collected by jugular venipuncture into acid citratedextrose (Vacutainer; Becton Dickinson Co., Rutherford, N.J.) and maintained at room temperature prior to cell separation. The buffy coat was harvested following centrifugation at 1,000 ϫ g for 10 min at room temperature and diluted 1:1 in cell separation medium (phosphate-buffered saline [PBS] containing 0.2% sodium azide, 0.5% bovine serum albumin [Sigma, St. Louis, Mo.], and 2 mM EDTA). The diluted cells were layered over Histopaque (specific gravity, 1.077; Sigma) in 15-ml conical tubes and centrifuged at 1,000 ϫ g for 20 min at room temperature. Peripheral blood mononuclear cells (PBMC) were removed from the gradient interface and washed in cold cell separation medium, once at 700 ϫ g for 10 min at 4ЊC and then twice at 400 ϫ g for 12 min at 4ЊC, to remove platelets. Cells were resuspended in cold PBS containing 0.2% sodium azide (PBSN), counted on a hemacytometer, assessed for viability with a phase-contrast microscope, and adjusted to 4 ϫ 10 6 to 6 ϫ 10 6 viable cells per ml. Antibodies. The monoclonal antibodies used in this study were B26A (antibovine CD2; 5 g/ml), Cact61A (anti-bovine ␥/␦ T-cell receptor; 6.67 g/ml), and B29A (anti-bovine CD5; 6.67 g/ml), all purchased from VMRD (Pullman, Wash. PBMC were incubated at 4ЊC for 10 min in 100 l (3 mg of protein per ml) of normal goat serum (Jackson Immunoresearch) to block Fc receptors. After the goat serum was removed, the cells were resuspended in 100 l of the appropriate monoclonal antibody, incubated for 40 min at 4ЊC, and then washed twice in 1 ml of PBSN. Cells labeled with IL-A109, B26A, or Cact61A were then resuspended in 100 l of a cocktail containing phycoerythrin-conjugated goat anti-mouse IgM and the fluorescein isothiocyanate-conjugated rabbit anti-bovine IgG. Cells labeled with B29A were resuspended in 100 l of phycoerythrin-conjugated goat anti-mouse IgG. Cells were then incubated for 40 min on ice in the dark and washed twice in 1 ml of PBSN. Cells labeled with B29A were resuspended in 100 l of fluorescein isothiocyanate-conjugated rabbit anti-bovine IgG, incubated for 40 min on ice in the dark, and then washed as described above. Controls for each animal were prepared identically and included cells labeled with isotype-matched irrelevant antibodies and cells to which specific primary antibodies were not added. Cell analysis and sorting. Cell sorting and analysis were performed as described previously (37) , with modifications, with a flow cytometer equipped with a 5-W argon ion laser and a single-cell deposition device (EPICS 751 with Autoclone; Coulter Corp., Miami, Fla.) with a Cicero data acquisition and sorting system (Cytomation, Inc., Fort Collins, Colo.). Cell populations were analyzed with Cyclops software (Cytomation, Inc.) on the basis of light scatter and log green fluorescence versus log red fluorescence. At least 5,000 events were collected in list mode with a gate set to include all live cells on the basis of forward light scatter versus 90Њ light scatter. To each well of 96-well plates (M J Research, Watertown, Mass.), 10 l of lysis solution (100 mM KOH, 25 mM dithiothreitol) was added. Each cell population was sorted into a separate 96-well plate at a flow rate of 350 to 550 cells per s as follows: 24 wells received 1,000 cells, 32 wells received 100 cells, and 24 wells received 10 cells. When percentages of infected cells were greater than 10%, animals were retested with 1, 10, and/or 20 cells per well. Each plate also included at least six wells to which no cells were added (negative controls) and two wells to which 0.01 ng of BL3* DNA (see below) was added (positive controls). After sorting was completed, the plates were incubated in a closed, humidified plastic chamber for 20 min at 65ЊC. Reactions were neutralized with 10 l of a solution containing 450 mM Tris-HCl (pH 8.4), 150 mM KCl, and 100 mM HCl, and plates were stored at Ϫ20ЊC until used.
To determine the accuracy of cell sorting, at least 10 5 cells from one cow with PL and the same quantity of cells from one cow without PL were labeled with anti-bovine CD2 or anti-monocyte/macrophage MAb and sorted into 1.5-ml Eppendorf tubes containing 0.5 ml of PBS at 4ЊC. The collected cells were reanalyzed by flow cytometry, and purity was determined as the percentage of viable cells falling within the originally gated quadrant. In these experiments, Ն92% of the reanalyzed cells were specifically labeled. On the basis of this result, the overall efficiency of sorting T cells and monocytes was conservatively estimated at 90%. Because cell sorting was less than 100% specific and B cells were the predominant cell population containing provirus (see below), the number of positive PCRs due to contaminating B cells was estimated for T-cell and monocyte populations as follows: expected number of B-cell-contaminated reactions ϭ percent B cells ϫ percent infected B cells ϫ (1 Ϫ sorting efficiency) ϫ number of cells per well ϫ number of wells tested. To distinguish whether the observed infection of CD5 Ϫ B cells was attributable to contaminating CD5 ϩ B cells, the same formula was applied, substituting CD5 ϩ B cells for B cells. PCR coamplification of cellular prolactin and BLV envelope sequences. The amplification of viral and cellular sequences was performed with heminested primers in two stages as described previously (37) with some modifications. The detection system has previously been shown to be capable of detecting a single copy of a gene (28, 37) . Briefly, primers for amplifying a 177-bp fragment of the cellular prolactin gene (PRL) (28) and a 210-bp fragment of the BLV envelope gene (ENV) (37) were added to each well, and the wells were covered with 20 l of liquid wax (ChillOut-14; M J Research). Reaction mixtures were heated to 94ЊC in a 96-well thermal cycler (PTC-100; M J Research) for 4 min and then held at 92ЊC while a potassium-free PCR mixture was added through the oil to each well, providing a final concentration of 50 mM KCl, 100 mM Tris-HCl (pH 8.4), 2.5 mM MgCl 2 , 100 M (each) deoxynucleoside triphosphate (U.S. Biochemical, Cleveland, Ohio), 1 U of Taq polymerase (AmpliTaq; Perkin-Elmer Cetus, Norwalk, Conn.), 0.2 M (each) PRL primer, and 0.4 M (each) BLV ENV primer in a final volume of 50 l. The cycling parameters used in the first PCR were 10 cycles of 1 min at 92ЊC, 3 min at 52ЊC, and 1 min at 72ЊC; 10 cycles of 1 min at 92ЊC, 2 min at 55ЊC, and 1 min at 72ЊC; 20 cycles of 1 min at 92ЊC, 1 min at 57ЊC, and 1 min at 72ЊC; and 4 min at 72ЊC. Aliquots (2 l) of the first-round PCR product were transferred to each of two 50-l second-round amplification mixtures containing heminested PRL or BLV ENV primers (37) . The cycling parameters for the second round of amplification were 30 cycles of 1 min at 92ЊC and 1 min at 58ЊC, followed by a 5-min final extension at 72ЊC. Products of the two second-round PCRs from each initial well were combined and visualized with UV light after electrophoresis in 6% polyacrylamide gels and staining with ethidium bromide. Restriction enzyme digestion of the secondround BLV ENV PCR product with HaeIII (Bethesda Research Laboratories, Gaithersburg, Md.) was performed as previously described (37) to verify the identity of this product.
Calculation of frequencies of infected cells. DNA was isolated by the protocol of Miller et al. (36) . The BLV-infected and uninfected B-lymphoblastoid cell lines BL3* and BL3 0 (41) were used to establish the operational sensitivity for simultaneous detection of both viral and cellular templates as described previously (37) . In preliminary experiments, the operational sensitivity for detecting BLV ENV was 1.00, 0.99, 0.91, 0.86, or 0.89 when a single infected BL3* cell was sorted into wells containing 0, 1, 10, 100, or 1,000 uninfected cells, respectively. BLV ENV was not identified in any tests in the absence of the PRL product. Neither BLV ENV nor PRL was detected in negative-control reactions.
A computer program developed for single-cell analysis (37) was used to estimate the frequency of infection in each cell population. Variables used by the program included the operational sensitivity, the number of wells containing PRL alone and the number containing PRL plus BLV ENV, the number of cells tested per well, and the number of wells examined. An adjustment for DNA contamination was not necessary because negative-control wells showed no evidence of contamination. Absolute numbers of infected cells in each population were calculated as the absolute number times the frequency of infected cells.
Statistical analysis. Percentages and absolute numbers for total, infected, and uninfected leukocyte subpopulations were tested for normality within each group of animals by a univariate procedure (SAS/STAT, 1990; SAS Institute, Cary, N.C.). Curvilinear regression was used when necessary to transform nonnormal data. For animals with or without PL, the relationships among numbers and percentages of circulating mononuclear leukocytes, infection rates, animal age, and months of infection were determined by regression analysis with a general linear-models procedure (SAS/STAT, 1990). When one of these parameters was significantly influenced by age or by months of infection, it was included as a covariable for comparisons between disease groups. For each variable, differences between cows with PL and those without PL were tested for significance by using a two-sample t-test procedure for unequal sample sizes (SAS/STAT, 1990). When necessary, the approximate t-test statistic was used for comparison of samples having unequal variance by Satterthwaite's approximation for degrees of freedom.
the percentage of ␥/␦ T cells increased (P Ͻ 0.01). Within the group of cows without PL, months of infection did not influence percentages or absolute numbers of the PBMC subpopulations. In cows with PL, percentages and absolute numbers of leukocytes and PBMC subpopulations were not influenced by age but the percentage of circulating monocytes increased with total time of infection (P Ͻ 0.01).
B lymphocytes accounted for 28.9 and 66.6% of PBMC in cows with and without PL, respectively (Table 1) ; the CD5 ϩ subset comprised the largest proportion of B cells in cows with (78.5%) and without (61.6%) PL. Cows with PL had ϳ10-fold and ϳ4-fold increases in absolute numbers of CD5 ϩ (P Ͻ 0.01) and CD5
Ϫ (P Ͻ 0.05) subsets, respectively, and greater numbers of circulating CD2 ϩ (predominantly ␣/␤ [6] ) and ␥/␦ T cells (P Ͻ 0.01) compared with cows without PL ( Table 1) . Absolute numbers of monocytes did not differ significantly. The percentages of infected CD5 ϩ and CD5 Ϫ B cells were strongly correlated among cows without PL but not among those with PL (Fig. 1) .
BLV infection of CD5
؉ and CD5 ؊ B cells. Of the 14 cows without PL tested, three had BLV in the CD5 ϩ B-cell subset only whereas 10 animals had BLV in both CD5 ϩ and CD5 Ϫ B cells; provirus was not detected in B cells of one seropositive cow without PL (data not shown). Among the 10 cows without PL but with BLV-infected CD5 Ϫ B cells, BLV ENV was observed at a frequency that was at least two to five times greater than the rate expected from CD5 ϩ B-cell contamination (see Materials and Methods; data not shown). Among all cows without PL, BLV-infected CD5 ϩ and CD5 Ϫ B cells accounted for means (Ϯ standard deviations) of 9.2% Ϯ 19.0% and 0.9% Ϯ 1.8% of peripheral blood B cells, respectively ( Table 2) . Of these animals, 3 had Ͼ500 infected cells per mm 3 while the remaining 11 had Յ20 infected cells per mm 3 (Fig. 2) . Among cows without PL, there was a tendency (P Ͻ0.10) for lymphocyte numbers to increase as the percentage of infected CD5 ϩ B cells increased (Fig. 2) .
Among cows with PL, 66.0% Ϯ 4.8% of CD5 ϩ B cells were BLV infected whereas 13.9% Ϯ 6.6% of CD5 Ϫ B cells were infected. The absolute number of uninfected B cells declined with age and with increasing time of infection (P Ͻ0.05 for both comparisons; data not shown). Increases in absolute numbers of infected B cells in cows with PL reflected 45-fold (P Ͻ0.0001) and 99-fold (P Ͻ0.0001) increases in the CD5 ϩ and CD5 Ϫ subsets, respectively, compared with cows without PL, whereas absolute numbers of uninfected CD5 ϩ and CD5 Ϫ B cells were not significantly different (Table 2) .
BLV infection of T lymphocytes and monocytes. BLV was detected in sorted populations of CD2
ϩ (predominantly ␣/␤) T cells and monocytes from cows with and without PL ( Table 2) . The estimated infection rates were compared with expected rates of B-cell contamination in the sorted cells. For only one cow without PL were the estimated infection rates of monocytes and CD2 ϩ T cells slightly higher than the estimated B-cell contamination rate; in all other cows tested, the infection rates in these cell populations were lower than B-cell contamination rates (data not shown). Double sorting of T cells from a cow with PL markedly decreased the estimated infection rate in comparison with that of cells isolated by the standard one-time sorting procedure: of 36 wells receiving 100 cells each, 26 and 7 were BLV positive by single and double sorting, respectively, with infection rates of 1.4% Ϯ 0.2% and 0.2% Ϯ 0.1%, respectively. These results suggest that peripheral ␣/␤ T cells and monocytes are not a major reservoir for BLV provirus.
Sorted ␥/␦ T cells from one cow with PL were tested for BLV provirus. The estimated percentage of infected cells was similar to that observed for CD2 ϩ T cells in the same animal (data not shown). Results obtained for this animal suggest that peripheral ␥/␦ T cells are not a reservoir for BLV provirus. Because of the time required to sort large numbers of ␥/␦ T cells and our inability to completely exclude B-cell contamination in sorted ␥/␦ T cells, further study of the susceptibility of this population to BLV infection was not attempted.
DISCUSSION
In BLV-seronegative cows, lymphocyte and B-cell numbers decrease with age, thus providing a basis upon which various keys have been developed to identify cows at risk for develop- ing PL and lymphoma (29, 31, 32, 40) . In contrast, lymphocyte and B-cell numbers increase in BLV-seropositive cows until about 5 years of age (29) . Consistent with these earlier findings, in the present study, cows with PL had markedly greater numbers of PBMC and B cells than did BLV-infected cows without PL. The magnitude of the expansion of CD5 ϩ and CD5 Ϫ B-cell subsets observed in animals with PL was similar to results reported previously (34) . Among cows without PL, 3 of 14 animals had greater total numbers (though not percentages) of lymphocytes and CD5 ϩ B cells than did other cows in this population (data not shown), suggesting that absolute numbers of circulating CD5 ϩ B cells are predictive for susceptibility to the development of PL. Among cows with PL we observed a significant increase in the percentage of circulating monocytes relative to the length of infection, although this relationship was not matched by a correlated change in total numbers of monocytes. This could be indicative of the ability of infected cows to maintain constant numbers of monocytes in the face of B-cell dysregulation.
A highly sensitive and quantitative method for detecting BLV genomic sequences was used to more clearly establish the cell tropism of BLV in naturally infected cows at different stages of infection. Although the method has the ability to detect the replicative intermediate form of BLV, only provirus was detected in our experiments because BLV ENV is not expressed in infected peripheral blood cells in vivo (23) . B lymphocytes were the primary, if not the exclusive, population infected by BLV. B cells containing the provirus accounted for 46 to 65% and 0 to 18% of the PBMC in BLV-seropositive cows with and without PL, respectively. Others who investigated the prevalence of BLV in leukocytes ex vivo have found lower (21, 23) or higher (10, 25) percentages of cells containing the provirus at these stages of infection. Such discrepancies may reflect differences in the sensitivities of the methods employed for quantitation of virus-infected cells. Among cows without PL which had low absolute numbers of BLV-infected B cells, provirus tended to be restricted to the CD5 ϩ B cells (data not shown). In contrast, although BLV was present in both B-cell subsets of the three cows without PL which had large numbers of circulating infected cells, 10-fold-greater numbers of CD5 ϩ B cells contained provirus (data not shown). Cows that progressed to PL were characterized by almost 50-fold and 100-fold expansions of infected CD5 ϩ and CD5 Ϫ B cells, respectively, without a concomitant increase in absolute numbers of uninfected B cells (Table 2 ). These findings suggest that in animals susceptible to the development of PL, BLV may infect a relatively large and, thereafter, stable population of early or pre-B cells with the capacity for self-renewal and/or proliferation. PL could then develop through the expansion of the infected population(s) rather than the recruitment of newly infected clones. The constant percentages but increasing absolute numbers of infected cells in cows with PL (Fig. 2 ) also suggest that B-cell expansion is a result of proliferation rather than prolonged survival of infected cells. The bimodal distribution of BLV-infected cells among BLV-infected cows without PL observed in this and other studies (25) may reflect genetic influences on viral spread and disease progression in vivo (1, 5) . We are currently investigating the genetic basis for resistance to viral spread in greater depth using a subset of the animals tested in the present study.
The apparent expansion of the CD5 ϩ B-cell subset with progression to PL has important implications for understanding the pathogenesis of disease in BLV-infected cattle. In mice, B cells expressing CD5 are thought to be a unique, self-per- (34) . In the present study, we have shown that CD5 Ϫ B cells also contain BLV provirus in cows with and without PL; furthermore, marked expansion of the CD5 Ϫ Bcell subset was observed with the development of PL. It is possible that B-cell progenitors expressing CD5 are more susceptible to BLV infection, which could account for the greater proportion of CD5 ϩ B cells containing the provirus as infection progresses.
Currently we favor the view that CD5 is a marker of cellular activation in cattle. Cows infected with BLV have increased numbers of actively cycling cells among PBMC (33) . T-celldepleted PBMC from cows with PL are responsive to interleukin 2 (33) , and increased numbers of B cells can be induced to express the interleukin 2 surface receptor (49) . In addition, we (unpublished data) and others (49) As a group, cows with PL had greater numbers of both ␣/␤ (CD2 ϩ ) and ␥/␦ T cells than did cows without PL. In comparison with BLV-seronegative cows, absolute numbers of T cells have been reported to increase (49, 53) , decrease (14, 48) , or remain normal (51) in cows with PL, whereas seropositive cows without PL were reported to have increased (53) or decreased (14, 51) numbers of T cells. Differences among studies have been attributed to alterations in the immune system relative to the duration of infection (27, 48, 51) . Recently, we also have observed that absolute T-cell numbers tend to increase with duration of infection in some cows that are genetically susceptible to the development of PL (36a). Furthermore, age-dependent differences in the composition of the bovine peripheral blood lymphocyte population (29, 31) may influence the interpretation of results. Unfortunately, independent data regarding absolute numbers of ␥/␦ T cells in peripheral blood of BLV-infected cows are not currently available. As the focus of this study was to determine the cellular distribution of BLV provirus in infected cattle, uninfected animals were not included in the experimental design. Studies currently under way in our laboratory will provide the information necessary to interpret the observed differences in ␣/␤ and ␥/␦ T-cell numbers between cows with PL and those without PL.
Monocytes and T cells have been implicated as targets of BLV infection in vivo (17, 43, 50, 54) . In the present study, the highest levels of BLV infection detected in sorted monocytes (1.5%) and T cells (2.8%) were observed in cows with PL. However, double sorting of cells for reanalysis and/or PCR testing established that significant proportions of the positive reactions were due to contamination with infected B cells during sorting. Thus, we were unable to determine whether circulating T cells or monocytes can be infected, but it is unlikely that Ͼ1% of either of these populations harbors the provirus. Our inability to detect BLV provirus in significant numbers of circulating T cells and monocytes may have been due to the sequestration of these cells within lymphoid or other tissues. Studies of human immunodeficiency virus type 1 have demonstrated that the viral burden is far greater in lymphoid tissues than it is in peripheral blood (9, 38) and that viral expression is concentrated in areas of rapid cell turnover (18, 52) . Expression of BLV has been detected in lymph nodes (17) and mammary epithelial cells (2) , but the number of infected cells in these locations has not been established. While it is possible that BLV is cytolytic for T cells or monocytes in vivo, we did not observe that disease progression was associated with a decline in absolute numbers of either population. On the basis of these results, we believe that infected peripheral T cells, if present, do not play an important role in BLV pathogenesis.
Our results illustrate the power and utility of single-cell PCR methodology for monitoring the clinical progression of retrovirus-associated disease. The integration of flow cytometry and PCR allows for rapid selection of phenotypically defined cell populations, direct testing of selected populations, and reliable quantitation of cells containing viral (or cellular) sequences of interest. We have been able to clearly identify BLV-infected cells even when they are present at very low frequencies in the circulation and to identify animals in which infection has spread without other evidence of disease progression. By applying a quantitative single-cell PCR methodology to the study of cell populations in the spleens, lymph nodes, and bone marrow of infected cows, we hope to clarify the distribution of the virus in vivo and monitor changes in infected cell populations both at various stages of infection and as a function of host major histocompatibility complex genotype.
